Iodine and pregnancy – a UK cross-sectional survey of dietary intake, knowledge and awareness by Combet, E. et al.
,,nn 
 
 
 
 
Combet, E., Bouga, M., Pan, B., Lean, M. E. J., and Christopher, C. 
O. (2015) Iodine and pregnancy – a UK cross-sectional survey of dietary 
intake, knowledge and awareness. British Journal of Nutrition. 
 
Copyright © 2015 Cambridge University Press 
 
A copy can be downloaded for personal non-commercial research or study, 
without prior permission or charge 
 
Content must not be changed in any way or reproduced in any format 
or medium without the formal permission of the copyright holder(s) 
 
 
 
 
http://eprints.gla.ac.uk/106689/ 
 
 
 
  Deposited on:  26 May 2015 
 
 
 
 
 
 
 
 
 
 
 
 
 
Enlighten – Research publications by members of the University of Glasgow 
http://eprints.gla.ac.uk 
1 
 
Iodine and pregnancy - a UK cross-sectional survey of dietary 
intake, knowledge, and awareness  
 1 
 2 
This is a post-print version of the paper publish in British Journal of 3 
Nutrition, doi:10.1017/S0007114515001464. 4 
 5 
 6 
SHORTENED TITLE: Cross-sectional survey: iodine & pregnancy  7 
 8 
AUTHOR NAMES 9 
Combet E1, Bouga M1, Pan B1, Lean MEJ1, Christopher CO1 10 
 11 
AUTHOR AFFILIATIONS  12 
1 Human Nutrition, School of Medicine, College of Medical, Veterinary and life Sciences, 13 
University of Glasgow, Glasgow G31 2ER, UK.  14 
 15 
CORRESPONDING AUTHOR 16 
Dr Emilie Combet, Human Nutrition, University of Glasgow, New Lister Building, Alexandra 17 
Parade, Glasgow G31 2ER, UK 18 
Telephone  +44 141 201 8527 19 
Email   emilie.combetaspray@glasgow.ac.uk  20 
 21 
KEYWORDS 22 
Iodine, pregnancy, dietary recommendations, awareness, nutrition education 23 
  24 
2 
 
ABSTRACT  25 
Iodine is a key component of the thyroid hormones, which are critical for healthy growth, 26 
development and metabolism. The UK population is now classified as mildly iodine insufficient. 27 
Adequate levels of iodine during pregnancy are essential for fetal neurodevelopment, with mild 28 
iodine deficiency linked to developmental impairments. In the absence of prophylaxis in the UK, 29 
awareness of nutritional recommendations during pregnancy would empower mothers to make the 30 
right dietary choices leading to adequate iodine intake. This study aimed to estimate mothers’ 31 
dietary iodine intake in pregnancy (using a food frequency questionnaire) and to assess awareness 32 
of the importance of iodine in pregnancy, understanding of existing pregnancy dietary and lifestyle 33 
recommendations with relevance for iodine, and confidence in meeting adequate iodine intake. A 34 
cross-sectional survey was conducted. Questionnaires were distributed between August 2011 and 35 
February 2012 on a local (Glasgow) and national level (online electronic questionnaire); 1026 36 
women, UK resident, pregnant or mother to a child aged up to 36 months participated in the study. 37 
While self-reported awareness about general nutritional recommendations during pregnancy was 38 
high (96%), awareness of iodine-specific recommendations was very low (12%), as well as 39 
confidence of how to achieve adequate iodine intake (28%). Median pregnancy iodine intake, 40 
without supplements, calculated from the FFQ, was 190 μg/day (interquartile range (IQR) 144-256), 41 
lower than the World Health Organisation (WHO) recommended intake for pregnant women (250 42 
μg/day). Current dietary recommendations in pregnancy, and their dissemination, do not equip 43 
women to meet the requirements for iodine intake.   44 
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INTRODUCTION 45 
Iodine is essential for the production of thyroid hormones, which are crucial for neurodevelopment 46 
in utero, in infancy and beyond. Iodine deficiency (ID) is a major public health problem affecting 47 
1.9 billion globally, and the most preventable cause of intellectual disability 
(1)
. This issue is not 48 
limited to developing countries, with mild maternal iodine insufficiency (classified based on median 49 
urinary iodine concentration being 50-99 μg/L, according to the WHO criteria (1)) recently shown to 50 
affect the cognitive function of the offspring, in the Avon Longitudinal Study of Parents and 51 
Children (ALSPAC) study 
(2)
 and in the Gestational Iodine Cohort study
(3)
. 52 
In the UK, the Reference Nutrient Intake (RNI) for adults is 140 µg/day, without any proposed 53 
increment for pregnant and lactating women. Meanwhile, the WHO / United Nations Children’s 54 
Fund (UNICEF) / International Council for the Control of Iodine Deficiency Disorders (ICCIDD) 55 
recommended daily intake for adults is 150 µg/day, increasing to 250 µg/day for pregnant women 56 
(1)
. The European Food Safety Authority (EFSA) recently proposed a new reference value of 57 
adequate intake for pregnant women of 200 µg/day 
(4)
. This increase is necessary to ensure that 58 
mothers have sufficient iodine to allow for increased thyroid hormone production, fetal needs and 59 
increased maternal renal clearance during this time 
(5; 6; 7)
. Principal dietary sources of iodine include 60 
seafood and dairy products (mainly due to the iodine fortification of cattle feeds and the use of 61 
iodophores for sanitation during milking), and, in some countries, iodine fortified salt or bread 
(8; 9; 62 
10)
. The unborn and breastfed infant is entirely reliant on their mother for iodine supply, making 63 
young infants and pregnant or lactating mothers the most vulnerable groups of the population 64 
because of their special requirements during these critical periods
(11; 12)
.  At present, there is no 65 
recommendation for routine iodine supplementation in the UK, unlike folic acid and vitamin D, or 66 
routine testing in pregnancy that would reflect iodine levels, unlike iron. Instead, women rely on 67 
recommendations for a nutritionally balanced diet in pregnancy, such as those disseminated by the 68 
National Health Service (NHS, Ready Steady Baby book) and the Food Standard Agency (Eating 69 
while you are pregnant)
(13)
. 70 
While mild iodine insufficiency has been shown in UK females of childbearing age 
(14)
, as well as 71 
pregnant women 
(15)
, there is no iodine prophylaxis in place, and no pregnancy-specific 72 
recommended iodine intake. According to international guidelines, mothers need to meet the 73 
recommended iodine intake, an increase of 100 μg/day over this of an adult, via dietary choices 74 
alone. However, general nutritional knowledge of Western populations has been shown to be poor 75 
(16)
, especially when it comes to iodine-specific needs: this was true in Australia before mandatory 76 
iodine fortification of salt and bread 
(17)
 and remained after introduction of the measure despite a 77 
slight improvement of knowledge and intake of iodine 
(18)
. A notable exception is New Zealand, 78 
where iodine fortification and awareness measures are more common than in the UK, the US or 79 
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Australia 
(19)
 as the problem there has been noticed earlier and has been the centre of attention for 80 
research. 81 
In the absence of prophylaxis for iodine in the UK and the need of mothers’ empowerment, the aims 82 
of this study are to i) define the dietary iodine intake of this population using a validated iodine-83 
specific questionnaire
(10)
 and ii) to examine the levels of knowledge and awareness of mothers, 84 
either pregnant or with a child aged up to 36 months, regarding pregnancy-specific dietary 85 
recommendations, as well as iodine-specific requirements.  86 
 87 
EXPERIMENTAL METHODS 88 
This study was conducted according to the guidelines laid down in the Declaration of Helsinki and 89 
all procedures involving human subjects were approved by the University of Glasgow ethics 90 
committee. Consent was informed, confirmed by ticking both on the questionnaire and implied by 91 
submitting a completed questionnaire. A sample size calculation based on an estimated 33% 92 
prevalence of provision of iodine-related information during pregnancy
(20)
, a 95% confidence 93 
interval (CI), a design effect of 2 and an absolute precision of 5% resulted in a sample size of at 94 
least 680 women. To allow for subgroup comparisons, a sample size of at least n=823 is required 95 
(α=0.05, 1-β=0.8), based on the prevalence of iodine-related information cited above, to detect a 96 
difference in prevalence of low iodine intake of 15% between groups
(21)
. 97 
 98 
Study design and participants 99 
The study was cross-sectional, with participants recruited i) using convenient sampling in Greater 100 
Glasgow, and ii) via distribution of an online version of the questionnaire in the UK, between July 101 
2011 and February 2012. In greater Glasgow, both public and private locations were used for 102 
recruitment, including mothers and toddler groups, pregnancy classes, shops, libraries, community 103 
playgroups, public parks, playgrounds and indoor soft play areas. Recruitment posters were 104 
displayed with the study team contact detail as well as a link to the electronic form of the survey. In 105 
parallel, women were approached as they entered or exited the facility/shop. The online version of 106 
the questionnaire was posted on parenting websites and forums (mumsnet.com, netmums.com, 107 
bounty.com, pregnancyforum.org.uk, Gurgle.com) as well as regional Gumtree groups throughout 108 
the UK, parenting Facebook groups (Single Mums UK, West of Scotland Birth Support Group, 109 
Teenage Mums, Young Mums, British Mum and Toddler Group, North London Mums) and via 110 
Twitter. To be eligible, participants had to be women residing in the UK (England, Scotland, 111 
Northern Ireland or Wales) who were either pregnant or mother to a child aged from 0 to 36 112 
months. 113 
 114 
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Questionnaire design and data collection 115 
Data were collected anonymously through questionnaires employing qualitative and semi-116 
quantitative measures. The questionnaire was validated prior to use for face value and content 117 
(content validation was carried out independently by three subject experts, assessing the 118 
representativeness of the items, while face validation was carried out by 5 lay contributors, 119 
assessing presentation, phrasing and clarity of instructions). The same questionnaire was used 120 
locally and online. It consisted of four sections.  121 
The first section focused on participants’ socio-demographic characteristics (age, ethnicity, 122 
education), details of specific dietary habits (veganism, vegetarianism, lactose intolerance, other 123 
specific requirements), existence of thyroid condition and lifestyle habits during pregnancy (alcohol 124 
and tobacco consumption). It also included questions regarding the participant’s current/most recent 125 
pregnancy (due date, parity, age of last child, whether the pregnancy was planned) and 126 
breastfeeding intentions.  127 
The second part of the questionnaire assessed participants’ awareness of pregnancy-specific dietary 128 
recommendations, their usual source of information and level of understanding for these 129 
recommendations. A 7-point Likert scale assessed how closely participants followed dietary 130 
recommendations in pregnancy and the likelihood of ceasing the consumption of dairy and seafood 131 
in any doubt regarding the safety of consuming the item. 132 
The third section of the questionnaire included a validated iodine-specific food frequency 133 
questionnaire (FFQ) 
(10)
. A question focused on pregnancy vitamins and supplements, evaluating 134 
frequency of intake (every day or some days) and pregnancy period when supplements were taken 135 
(first trimester only, or throughout pregnancy), along with brand name. 136 
The reasons motivating any dietary changes during pregnancy were investigated with multiple 137 
choice and open questions, as well as awareness about micronutrient requirements and confidence 138 
about the level of information received to achieve requirements.  139 
The final section of the questionnaire assessed knowledge about iodine (food sources, and 140 
consequences of maternal deficiency on the offspring via closed and multi-choice questions) and 141 
confidence in how to achieve the recommended iodine intake (7-point Likert scale).  142 
 143 
Data analysis 144 
Data were entered manually in a database, or downloaded from the University of Glasgow server 145 
hosting the electronic survey data. The overall database was cleaned, and descriptive statistics were 146 
calculated for all outcome variables. Open text questions were reviewed for key themes. Results 147 
were expressed as mean and standard deviation for parametric continuous data, median and inter 148 
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quartile range for non-parametric continuous data and mode and frequencies for categorical data. 149 
The FFQ was analysed as described by Combet and Lean 
(10)
 and dietary iodine intake was reported 150 
as a single value for the whole pregnancy. Supplemental iodine intake was defined according to the 151 
brand name, the frequency (“every day”, or “some days” estimated as every other day). Since 152 
supplemental iodine intake was reported either throughout the pregnancy or in the first trimester 153 
only, total iodine intake was calculated for the first trimester (T1) and the second and third trimester 154 
(T2 & T3) separately.  155 
The chosen cut-off for adequate iodine intake was the WHO recommendation for pregnant women 156 
(250μg/day)(1) rather than the UK RNI (22); this choice was motivated by the fact that the UK RNI 157 
has not been revised since 1991, despite evidence that iodine requirement increases during 158 
pregnancy
(1)
. Comparison between groups was carried out using the χ2 test for categorical data, the 159 
student’s t-test for parametric continuous data, or the Mann-Witney U test for continuous non-160 
parametric data.  161 
A multinomial logistic regression analysis was performed for the prediction of dietary iodine intake, 162 
total iodine intake (dietary intake plus supplements) during T1 and during T2 & T3. The categories 163 
for iodine intake were defined as: less than 140 μg/day; which is the cut-off for adequacy in adults; 164 
140-250 μg/day which is between the cut-off of adequacy for adults and the recommended intake 165 
pregnant women; and >250 μg/day (1). Because iodine intake might be affected by a range of factors 166 
(socioeconomic and existing knowledge of the iodine importance), relevant independent variables 167 
were included in the model. These were age, education level (school, college or university), 168 
ethnicity (British, other white groups, other ethnic groups), smoking status, having received any 169 
information on iodine or calcium, and being aware of the importance of iodine for healthy 170 
development of the unborn baby. The statistical software SPSS Version 21.0 (IBM Corp., Armonk, 171 
NY) was used. 172 
 173 
  174 
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RESULTS 175 
 176 
Participants’ characteristics 177 
A total of 1026 women took part in the survey, 30% of which were pregnant at the time of the 178 
study. The median age of participants was 32 years (IQR 29-36) with their youngest child a median 179 
age of 14 weeks (IQR 6-25). Most had one child (51%), 37% had two or more children while 12% 180 
were pregnant with their first child. Most pregnant women were in the third trimester of pregnancy 181 
(51%). Most pregnancies (80%) were planned and discovered at 4 weeks (IQR 4-6). The majority 182 
of participants were White British (87%), and educated at degree level or more (62%) (Table 1).  183 
 184 
General nutritional awareness during pregnancy 185 
The majority of women (96%) reported awareness of dietary and lifestyle recommendations specific 186 
for pregnancy, such as those currently provided in the Ready Steady Baby NHS book or websites 187 
on pregnancy diet (such as the Food Standard Agency “Eating while you are Pregnant”)(13). The 188 
main sources of information were the internet (65%) and books and magazines (62%), followed by 189 
written and oral advice from their doctor (59% and 52% respectively) and family and friends (43%). 190 
Only 16% received information during antenatal classes. The majority (90%) were aware of 191 
recommendations about smoking, alcohol, caffeine. However a third (34%) of smokers continued 192 
smoking during pregnancy and 14% of the total population did not stop or limit alcohol 193 
consumption.  194 
Most of the respondents found the dietary recommendations easy to understand (92%) and easy to 195 
follow (83%). There was a high level of awareness for most dietary recommendations for 196 
pregnancy with the exception of the recommendation for vitamin A intake (Table 2). Confusion 197 
over the recommendations were reported by 47% (n=482) of the overall population, with 41% 198 
(n=419) seeking clarification or further information. The internet was the main source of 199 
complementary information (82%), followed by Health Care Professionals (18%), books (15%) and 200 
family and friends (8%).  201 
Information provision about specific nutrients (folic acid, iron, iodine, calcium and vitamins A and 202 
D) varied. All (100%) had heard about folic acid and most had heard about iron (96%) in 203 
pregnancy. However, 64% of the mothers had never received information about iodine, and only 204 
11% had heard about iodine from a health care professional (Table 3). Only 12% reported that 205 
information received was sufficient for iodine, followed by 50% and 49% for vitamin D and 206 
vitamin A (Table 4).  207 
 208 
Changes in dietary habits during pregnancy 209 
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Only a minority of the participants were vegetarian (9%), vegan (1%) or lactose intolerant (1%) and 210 
6% reported an existing thyroid condition. Salt was added to food by 48% of women (at the table or 211 
during cooking). 212 
Most reported an increased fruit consumption during pregnancy (49%). The majority reported 213 
similar levels of intake for milk, cheese, yoghurts, eggs, oily fish, white fish, meat, brassicas, other 214 
vegetables, soy products and grains, cereals and pasta during pregnancy compared to before (Table 215 
6). Increased intakes for milk, cheese and yoghurt were reported by 43%, 19% and 25%, 216 
respectively (Table 5). 217 
Nearly half (44%) of changes in dietary patterns were motivated by recommendations and advice 218 
specific for food and diet during pregnancy. Foods most often mentioned were fruit (8%), fish (9%), 219 
cheese (6%) and milk (6%). Morning sickness was the reason motivating 30% of the dietary 220 
changes reported, mostly meat, fish and milk. Other reasons were heartburn (21%) and change in 221 
taste (7%).  222 
High adherence to dietary recommendation was reported (mode 6, frequency 33%, on a 7-point 223 
Likert scale), which was reflected in choices to withdraw from consuming a particular type of food 224 
if the safety of consuming the item could not be confirmed (cheese: mode 7, frequency 25%; fish: 225 
mode 7, frequency 31%).  226 
 227 
Iodine intake during pregnancy 228 
Without taking supplements in consideration, median dietary iodine intake in pregnancy was 229 
estimated at 190 μg/day (IQR 144-256), with 74% consuming below the recommended 250 μg 230 
iodine per day and 55% below the proposed 200 μg/day threshold (Figure 1). The highest 231 
contributors to iodine intake were milk (40%, contributing toward 75μg/day, IQR 42-113), followed 232 
by other dairy products (31%) and fish (24%).  233 
Daily iodine intake from foods was not different between women taking supplements or not 234 
(p=0.36). However, taking supplements significantly increased total iodine intake, both during T1 235 
(237 μg/day (IQR 163-320) vs 190 μg/day (IQR 144-256), non-supplemented) and during trimesters 236 
2 & 3 (223 μg/day (IQR 157-309) vs 190 μg/day (IQR 144-256), non-supplemented) (p<0.001). 237 
 238 
Knowledge of iodine-rich foods and awareness of its role during pregnancy 239 
Knowledge of iodine-rich foods was low, with 56% unable to identify any iodine-rich food and a 240 
majority wrongfully believing that dark green vegetables (54%) and table salt (21%) (which is not 241 
fortified in the UK) are iodine-rich foods. Milk and yoghurt were only recognised as iodine-rich 242 
sources by 9% and 6% of the population, respectively, with fish faring slightly better (33% for oily 243 
fish and 14% for white fish).  244 
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While 84% were unaware that, during pregnancy, iodine from the diet is important for healthy 245 
development of the unborn baby, most (85%) agreed or strongly agreed they would attempt to 246 
increase their iodine intake if made aware of the impact of iodine deficiency (7-point Likert scale). 247 
Mothers (72%) however disagreed or strongly disagreed that they were confident on how to achieve 248 
an adequate iodine intake in pregnancy (7-point Likert scale). 249 
 250 
Impact of dietary advice and awareness on iodine intake 251 
Receiving any advice on iodine (n=371, 36%) had no impact on iodine intake from food only 252 
(p=0.218), or intake from food and supplements in the first trimester of pregnancy (p=0.106). 253 
However, intakes were marginally higher in trimesters 2 & 3 (T2 & T3) for those who had received 254 
information (p=0.049) (Table 6). Those who perceived the advice to be sufficient (n=112, 12%) had 255 
no higher iodine intake from either food only during the whole pregnancy (p=0.974), or from food 256 
and supplements during T1 (p=0.402) or during T2 & T3 (p=0.530). 257 
 258 
Receiving any advice on calcium (n=911, 89%) increased iodine intake from food only (p=0.009), 259 
intake from food and supplement in the first trimester of pregnancy (p=0.001) and intake in T2 & 260 
T3 (p=0.001) (Table 6). Participants who perceived the calcium advice to be sufficient (n=610, 261 
64%), had a higher intake of iodine from food only (p=0.014), and food and supplement in T1 262 
(p<0.001), as well as T2 & T3 (p<0.001).  263 
 264 
Awareness of the impact of low iodine during pregnancy on healthy development of the unborn 265 
baby (n=165, 16%) did not lead to significantly higher iodine intake, with or without 266 
supplementation (food only p=0.782, from food and supplement in T1 p=0.905, or T2 & T3 267 
p=0.660).  268 
 269 
Other factors affecting iodine intake in pregnancy 270 
Planned pregnancies, salt usage and smoking did not impact on iodine intake (with or without 271 
supplement). However, education level had an impact on dietary iodine intake (p=0.009) and total 272 
iodine intake in T2 & T3 (p=0.010), with higher intake generally associated with higher education 273 
levels. Total iodine intakes in T2 & T3 were also higher in older women compared to younger 274 
(p=0.036).  275 
 276 
The multinomial logistic regression models (Table 7) for iodine intake from the diet alone, total 277 
iodine intake in T1 and T2&3 had an improved fit compared to the empty models (models with no 278 
predictor variables) (p=0.05, 0.02 and 0.01, respectively), with low pseudo R-square values (below 279 
10 
 
0.05). Receiving information about calcium significantly lowered the odds of having a low iodine 280 
intake (<140µg compared to >250µg/day) at any stage of pregnancy, from diet alone, or taking 281 
supplement in consideration. It also decreased the odd of having a total iodine intake between 140-282 
250µg compared to >250µg, in T1 and T2&3. Those who had ever been informed about iodine had 283 
surprisingly higher odds of having a low total iodine intake (<140µg compared to >250µg/day) in 284 
T1, T2&3. Being aware of the importance of iodine had no predictive value in the models. 285 
Education did not consistently predict iodine intake, with achieving school education predicting 286 
higher odds of lower total iodine intake (<140µg compared to >250µg/day) in T2&3. 287 
 288 
 289 
 290 
  291 
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 292 
DISCUSSION 293 
Principal study findings 294 
Dietary iodine intake in pregnancy was lower than the WHO recommendation of 250 μg per day, 295 
even when supplemental iodine was taken inconsideration. This is consistent with recent findings in 296 
pregnant women in the South East of the UK
(15)
. Despite generally high self-reported awareness of 297 
existing dietary and lifestyle recommendations for pregnancy, iodine awareness and knowledge 298 
were low among UK mothers (pregnant or with children aged 0-36 months). This is in agreement 299 
with other countries, where a large gap still exists for iodine awareness and knowledge
(16; 17; 23)
.  300 
Iodine is crucial during pregnancy and the first months of life, to ensure adequate brain 301 
development, driven by the thyroid hormones. Mild insufficiency has been linked to measurable 302 
cognitive decline in school performance and cognition
(2; 24)
.  A recent meta-analysis of 24 studies on 303 
iodine and intellectual disability in young children concluded that iodine impacts on mental 304 
impairment, and this  is apparent when comparing the IQ score of children from deficient mothers, 305 
which is 7.4 points lower compared to children from iodine replete mothers 
(24)
. Although many of 306 
the studies included in the review suffered from poor design, with only a few randomised controlled 307 
trials, there is some evidence that iodine deficiency impacts on cognitive function. In particular, 308 
supplementation with 300 μg iodine during the first trimester of pregnancy led to improved 309 
cognitive development in the offspring
(25)
. It is therefore a major concern that the majority of 310 
(recently) pregnant women in the UK are unaware of the importance of iodine when the evidence 311 
points toward inadequate iodine status in women
(14; 26; 27)
 in a country with no iodine prophylaxis.  312 
Awareness is a mean of empowerment in any case of choice. While the messages around folic acid 313 
and iron were heard (from various sources) and perceived to be sufficient, mothers were not 314 
confident about their iodine intake, in term of dietary sources or how to meet the adequate level for 315 
pregnancy, in accordance with recent Australian findings
(17)
. 316 
The UK has been listed as the top 8
th
 iodine deficient country in the world
(28)
. Participants in this 317 
study had an average daily iodine intake of 190 μg/day, based on iodine from food only, lower than 318 
the recommended 250μg/day during pregnancy (1) and newly proposed 200μg/day EFSA threshold 319 
(4)
. In fact, through their diet, only 26% of women were meeting the 250μg/day recommendation 320 
and 45% the 200μg/day. Milk and other dairy products remain the main contributors to iodine 321 
intake, in agreement with data from 1997-1998 
(29)
.  322 
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Taking supplements containing iodine in consideration (consumed by 38% of the participants), the 323 
daily iodine intake was 237 μg/day in T1 and 223 μg/day in T2&3. Use of iodised supplements 324 
helped women to achieve an adequate iodine intake. It has been shown that nutritional knowledge is 325 
strongly associated with the use of supplements during pregnancy 
(30)
. Iodine supplementation given 326 
to pregnant women with mild deficiencies appeared to benefit future child development 
(31)
. 327 
However, in our study less than half of the participants were taking iodine containing supplements, 328 
in accordance with previous findings 
(26; 32; 33; 34; 35)
. This is despite the leading prenatal multivitamin 329 
brands contain iodine, since many women will take single folic acid supplement or a formulation 330 
not labelled for pregnancy or not containing iodine 
(26)
.  331 
While healthcare professionals are well placed to impart advice and help effect dietary change, 332 
studies indicate women’s dietary patterns change little during pregnancy(36; 37; 38). Our results are in 333 
agreement with this, and consumption levels of milk, dairy and fish were mostly unchanged during 334 
pregnancy, despite the increased daily requirement for iodine. Similarly, another UK cohort study 335 
examining dietary patterns before and at two points during pregnancy showed that the median 336 
weekly consumption of iodine-rich foods did not change significantly
(39)
. 337 
Strengths and weaknesses of the study 338 
Deprivation, defined by income or education, has been shown to be associated with increased risks 339 
of insufficient micronutrient intake
(40)
 and poorer quality diet 
(41)
. In this study, levels of deprivation 340 
based on postcodes could not be used, due to differences between the English, Scottish, Northern 341 
Irish and Welsh deprivation scoring. Women of higher socioeconomic status (defined by education, 342 
income, and/or occupation) are also more likely to consume iodine-rich foods, such as fish and 343 
dairy 
(42)
. In light of this, it appears that women of lower socioeconomic status may be less likely to 344 
achieve sufficient iodine intake during pregnancy. 345 
This study used a food frequency questionnaire
(10)
 involving an element of recall, which may have 346 
led to a loss of accuracy and overestimation of the nutrient
(43)
. The convenient sampling method 347 
used locally, and the electronic recruitment used nationally have yielded a large sample size. A 348 
majority (68%) of the participants were recruited online. While this was considered to be a 349 
limitation in the past
(44)
, the wide access to the internet in the UK renders online recruitment a 350 
successful method in health research
(45; 46)
. The study participants were generally quite 351 
knowledgeable about health, had a high rate of planned pregnancies (80%, versus 55% in the UK 352 
population 
(47)
) and were well educated. This appears to be common in survey-based studies but 353 
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importantly the results show how poor is the knowledge about iodine even amongst educated 354 
women.  355 
Possible mechanisms and implications for clinicians and policy makers 356 
Achieving an intake of 250 μg/day (or 1750 μg/week) is challenging and requires consumption of 357 
high amount of dairy and seafood. For illustrative purpose, 250 μg/day(1) (or 1750 μg/week) would 358 
be covered by consuming all of the following: milk in cereals once a day, milk in drinks (such as 359 
tea, coffee) three times a day, two yogurts per day, one dairy-based dish or pudding per day, cheese, 360 
twice a day, white sea fish, twice a week, oily fish, once a week (based on the average iodine 361 
content of these foods
(48)
). Since receiving information about calcium and iodine during pregnancy 362 
predicted, along with a higher education level, sufficient iodine intake, there is scope for improved 363 
dietary recommendations to address the current iodine insufficiency in this vulnerable group.  364 
Directing pregnant women towards resources which present causal links between iodine and fetal 365 
development may increase the motivation for behavioural change 
(49)
, as the present study also 366 
observed. The Health Belief Model encompasses this idea. Perceived threats to health can alter 367 
behaviour if the individual is confident they are able to carry out the change, there is an 368 
understanding that changed actions will reduce the susceptibility or severity of a health condition 369 
and that motivating factors outweigh the barriers that stand in the way of implementing the 370 
behavioural change 
(50)
. 371 
There is no guideline in the UK for iodine supplementation of mothers during pregnancy or 372 
lactation, in contrast to the United States and Canada 
(51)
. Supplementation during pregnancy and 373 
lactation is endorsed by the WHO, the UNICEF and the ICCIDD in iodine deficient countries 374 
without universal salt iodisation, such as the UK 
(52)
. There is a sustained debate on the ethical 375 
implication of a randomised controlled trial of iodine supplementation in pregnancy
(53; 54)
, in parallel 376 
with concerns over the conflicted message that salt iodisation would convey
(55)
. The Scientific 377 
Advisory Committee on Nutrition review recently published their position statement on iodine and 378 
health 
(56)
, highlighting existing gaps in the evidence base. This study goes toward providing 379 
evidence on dietary and supplemental intakes of iodine in pregnancy, and an increased 380 
understanding of mothers’ knowledge and awareness of recommendation relevant to iodine in 381 
pregnancy. 382 
Unanswered questions and future research 383 
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Most pregnancies remain unplanned in the UK (approximately 55% planned) and in other high 384 
income countries (France, Spain, Japan, United States)
(47)
 and iodine prophylaxis in the peri-385 
conception time requires further considerations. A stronger evidence-base is required in order to set 386 
thresholds for adequacy of iodine intake during and before pregnancy, with careful consideration of 387 
iodine uptake and homeostasis as a function of iodine stores. 388 
A recent systematic review concluded that women in developed countries are not nutritionally well 389 
educated, specifically about nutrition during pregnancy
(57)
. The iodine awareness, knowledge and 390 
perception of mothers in the UK were high for general recommendations during pregnancy but low 391 
for iodine. As a result health campaigns, fortification, supplementation and nutrition education 392 
should be considered. It is unclear whether any of these strategies will be successful, with the UK 393 
food landscape and dietary habits in mind. We have previously shown that the terminology used to 394 
define concepts of nutritional balance are commonly misunderstood by the public
(58)
. In addition to 395 
providing causal links, dietary recommendations should be accurate, simple to understand and give 396 
practical advice which is easy to follow. Consistency in the advice provided (by healthcare 397 
professionals, websites, books) is essential, to avoid misinterpretations and misleading messages. 398 
The current debate on the required next step for iodine prophylaxis in the UK should not ignore that 399 
the impact of any intervention will be blunted if the current lack of awareness and knowledge is not 400 
tackled. As there is a difference between awareness of exact requirements at population level, 401 
awareness of the need to take supplements (which currently only applies to folic acid in the UK) 402 
and awareness of the importance of a nutrient during a key time in the lifecourse, this should be 403 
further investigated using a more qualitative approach in future studies. 404 
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Table 1: Basic characteristics of participants  564 
Demographic data 
Maternal Age (years) 
Median 
32 
IQR 
29-36 
 
 
Babies Age (weeks) 14.0 6-25  
Ethnicity n %  
White British 887 87  
Other White 83 8  
Other ethnic groups 56 6  
Education    
School level 186 18  
College level 206 20  
BSc/MSc/PhD 625 62  
Use of supplements (iodised/non-iodised)    
Throughout pregnancy 305/209 30/20  
1
st
 trimester only 87/199 8/19  
Never 101 10  
Pregnancy 305 30  
1
st
 trimester 67 22  
2
nd
 trimester 79 26  
3
rd
 trimester 154 51  
Planned pregnancies 807 80  
Number of children    
0 (Expecting first) 123 12  
1 520 51  
2 or more 383 37  
Smokers 100 10  
 565 
  566 
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 567 
Table 2: Pregnancy dietary recommendations
ǂ
 – self-reported awareness and confusion 568 
 Number of 
participants 
% of total sample  
Self-reported awareness    
Stop Smoking 1012 99  
Stop/limit alcohol 1012 99  
Limit caffeine 961 94  
Avoid certain foods due to bacterial infection risk 940 92  
Avoid raw meat, fish or poultry 912 89  
Avoid certain fish due to heavy metals / toxins 864 84  
Wash all fruit and vegetables 848 83  
Limit oily fish to two portions per week 748 73  
Limit vitamin A intake 592 58  
Any other recommendations*  134 13  
Self-reported confusion in recommendations    
Avoid certain foods due to bacterial infection risk 192 19  
Limit vitamin A intake 167 16  
Avoid certain fish due to heavy metals / toxins 99 10  
Limit oily fish to two portions per week 99 10  
Limit caffeine 71 7  
Stop/limit alcohol 65 6  
Avoid raw meat, fish or poultry 49 5  
Any other recommendation* 37 4  
Wash all fruit and vegetables 26 3  
Stop Smoking 7 1  
Was extra information sought in case of confusion?    
Yes 419 41  
No 140 14  
N/A 334 33  
Did the extra information provide clarification?    
Yes 260 25  
No 73 7  
Not sure 157 15  
ǂ 
recommendations available in the NHS Ready Steady Baby book, and the Food Standard Agency “Eating while you 569 
are Pregnant”
(13)  570 
* folic acid, cheese, eggs, nuts, vitamin D 571 
  572 
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Table 3: Sources of information obtained for specific nutrients 573 
 
Source of information (% of total population) 
Never heard 
of 
Doctor, midwife 
or health visitor 
Family and 
friends 
Books and 
magazines 
Internet 
Folic acid 0 88 39 47 40 
Iron 4 71 24 32 27 
Iodine 64 11 4 8 8 
Calcium 11 49 25 33 25 
Vitamin D 19 44 14 29 24 
Vitamin A 24 42 12 29 25 
 574 
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 576 
Table 4: Perceived sufficiency of the information received regarding specific nutrients in 577 
order to make decisions on dietary modification to achieve an adequate intake/levels in 578 
pregnancy 579 
 
Was information sufficient? (% of total population) 
No Yes Not sure 
Folic acid 5 92 4 
Iron 13 76 11 
Iodine 54 12 34 
Calcium 21 64 16 
Vitamin D 30 49 22 
Vitamin A 28 50 22 
 580 
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 582 
Table 5: Reported changes in the amount of food items during pregnancy  583 
 Not consumed 
during or before 
pregnancy 
Decreased or 
stopped 
consumption 
As before Increased 
 n % n % n % n % 
Milk 51 5 53 5 465 47 429 43 
Cheese 25 3 171 17 609 61 193 19 
Yoghurts 54 5 65 7 627 63 246 25 
Eggs 46 6 255 26 609 61 89 9 
Oily Fish 137 14 268 27 494 50 96 10 
White fish 121 12 114 12 674 68 79 8 
Meat 67 7 103 10 739 72 106 11 
Brassicas 48 5 65 6 651 64 205 20 
Other vegetables 8 1 38 4 633 63 324 32 
Fruits 7 1 36 4 467 47 491 49 
Soy products 376 40 98 10 457 48 22 2 
Bread, rice, cereals, pasta 3 0 33 3 703 70 261 26 
 584 
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 586 
Table 6: Iodine intake with and without supplements in the whole group, in women having 587 
received advice on iodine, advice on calcium and in women who were aware of iodine 588 
importance during pregnancy. Advice received could be from any source (doctors, midwives 589 
or health visitors, family and friends, books and magazines or from the internet). 590 
*Statistically significant difference of iodine intake from the rest of the group. Mann Whitney U test, p<0.05 591 
§ Total indicates iodine from food and supplement sources. T1, 2, 3 = trimester 1, 2, 3 592 
  593 
 
All women (n=1026) 
Women who 
received iodine 
advice (n=371) 
Women who 
received calcium 
advice 
(n=911) 
Women aware of 
iodine importance 
during pregnancy 
(n=165) 
Iodine intake 
(μg/day) 
Median IQR Median IQR Median IQR Median IQR 
Dietary iodine 
only 
190 144-256 185 136-261 193* 146-259 193 138-267 
Total (T1)
§
 237 163-320 240 170-320 242* 167-324 241 152-339 
Total (T2&T3) 223 157-163 228* 165-309 228* 160-312 220 149-317 
26 
 
Table 7: Logistic regression analysis for predictors of dietary iodine intake (throughout pregnancy), total iodine intake in the first trimester 594 
and total iodine intake in trimesters 2 & 3 595 
  
  Dietary iodine intake throughout 
pregnancy 
  Total iodine intake during T1   Total iodine intake during T2&T3 
 
  <140µg/day 
versus  
>250µg/day 
 
 140-200µg/day 
versus  
>250µg/day 
 
 <140µg/day 
versus  
>250µg/day 
 
 140-200µg/day 
versus  
>250µg/day 
 
 <140µg/day 
versus  
>250µg/day 
 
 140-200µg/day 
versus  
>250µg/day 
 
 
OR
 
(95% CI)
ǂ
 
 
OR
 
(95% CI)
ǂ
 
 
OR
 
(95% CI)
ǂ
 
 
OR
 
(95% CI)
ǂ
 
 
OR
 
(95% CI)
ǂ
 
 
OR
 
(95% CI)
ǂ
 
Age >30 years old 
(reference)
 
                 
20-30 years old 0.99 (0.66-1.49) 
 
1.08 (0.76-1.52) 
 
1.35 (0.89-2.04) 
 
0.94 (0.69-1.29) 
 
1.25 (0.83-1.86) 
 
0.92 (0.67-1.26) 
<20 years old 1.64 (0.28-9.65) 
 
0.62 (0.08-4.56) 
 
2.56 (0.52-12.63) 
 
0.39 (0.04-3.85) 
 
1.84 (0.37-9.04) 
 
0.29 (0.03-2.85) 
Ethnicity White British 
(reference)
 
           
Other white groups 0.85 (0.42-1.71) 
 
1.08 (0.62-1.88) 
 
0.67 (0.3-1.5) 
 
1.14 (0.69-1.87) 
 
0.71 (0.34-1.49) 
 
1 (0.61-1.66) 
Other groups 1.23 (0.57-2.69) 
 
0.7 (0.34-1.42) 
 
1.57 (0.68-3.6) 
 
1.17 (0.61-2.25) 
 
1.65 (0.73-3.77) 
 
1.27 (0.65-2.47) 
Education University 
(reference)
 
           
Secondary education 0.85 (0.53-1.35) 
 
0.6 (0.41-0.89)** 
 
1.14 (0.7-1.86) 
 
0.89 (0.62-1.28) 
 
1.24 (0.78-1.98) 
 
0.86 (0.6-1.25) 
School 1.62 (0.97-2.7) 
 
0.98 (0.62-1.54) 
 
1.59 (0.96-2.63) 
 
1.09 (0.73-1.63) 
 
1.85 (1.12-3.07)* 
 
1.35 (0.9-2.03) 
Smoking 
status 
(reference is "non-smoker") 
1.02 (0.5-1.49) 
 
0.94 (0.53-1.35) 
 
1.61 (0.62-1.84) 
 
1.05 (0.54-1.3) 
 
1.39 (0.59-1.73) 
 
0.98 (0.58-1.41) 
Informed 
about 
iodine 
(reference is "not informed") 
1.39 (0.89-2.17) 
 
0.93 (0.64-1.36) 
 
1.77 (1.12-2.81)** 
 
1.1 (0.78-1.54) 
 
1.83 (1.17-2.85)** 
 
1.04 (0.74-1.47) 
Informed 
about 
calcium 
(reference is "not informed") 
0.44 (0.24-0.8)** 
 
0.77 (0.45-1.34) 
 
0.33 (0.18-0.6)** 
 
0.5 (0.31-0.81)** 
 
0.32 (0.18-0.58)** 
 
0.52 (0.32-0.86)** 
Aware of 
iodine 
importance 
(reference is "not aware") 
0.86 (0.5-1.49)   0.84 (0.53-1.35)   1.06 (0.62-1.84)   0.84 (0.54-1.3)   1.01 (0.59-1.73)   0.9 (0.58-1.41) 
 596 
ǂ  OR= Odds Ratio;  CI= Confidence Interval; * p<0.05; ** p<0.01. § Total indicates iodine from food and supplement sources. 597 
